Taxonomy and geographic distribution of decapod crustaceans inhabiting the west coast of Mexico has been fairly well studied. To date, most species, particularly brachyuran crabs, can be recognized using available literature, and there is an important series of reliable information related to their specific habitat (see Hendrickx, 1999; Hendrickx et al., 2002) . However, information dealing with their physiology, reproduction patterns, population dynamics, ontogeny, and with trophic aspects are almost entirely lacking. This is particularly true for ontogeny studies, principally those focused on embryology. As in other groups of invertebrates, marketable species or genera of decapod crustaceans have received most of the attention, and their embryology is better documented. Some examples are found within caridean shrimp genera such as Macrobrachium (Clarke et al., 1990; Müller et al., 2003) , or Palaemonetes (Nazari et al., 2000) , the marine lobster Homarus (Helluy and Beltz, 1991) , and the river crayfish Cherax (Sandeman and Sandeman, 1991; García-Guerrero et al., 2003a) .
Brachyurans show a great diversity of embryonic development, especially owing to a significant variation in egg size (Anderson, 1982; Hines, 1982) . In brachyuran crabs, females incubate their eggs, which remain attached to the pleopods, from spawning to hatching (Guinot, 1979) . The incubating period varies with species and temperature (Nagao et al., 1999; García-Guerrero et al., 2003b) . Most studies focused on the embryology of these crabs are recent and include species from different habitats such as hair crabs (Atelecyclidae) (Nagao et al., 1999) , mud crabs Varuninae (¼ Varunidae) (Bas and Spivak, 2000) , and fiddler or mangrove ghost crabs (Ocypodidae) (Yamaguchi, 2001; Pinheiro and Hattori, 2003) .
Thus, there is no information available on the embryology of Goniopsis pulchra de Haan, 1833 (Grapsidae) and Aratus pisonii Milne Edwards, 1837 (Sesarmidae), two of the most common crabs typically associated with mangrove forests in tropical and subtropical estuaries and coastal lagoons in the eastern Pacific. Although both species cohabit in the same mangrove trees, they are allopatric; G. pulchra lives among the roots, lower branches and in crab runs (Tovilla-Hernández et al., 2001) , whereas A. pissoni inhabits the canopy and the higher section of trunk and branches . The description of the first zoeal stage of both species has been recently published (Fransozo et al., 1998; Cuesta and Shubart, 1999) , and there are additional data available on population dynamics Díaz and Conde, 1989) , size at sexual maturity (Conde and Díaz, 1992a) , and ovigerous female distribution (Conde and Díaz, 1992b) for A. pisonii. The present study describes and illustrates the major embryonic features of the development of A. pisonii and G. pulchra.
MATERIALS AND METHODS
A batch of females of G. pulchra and of A. pisonii were captured in August 2003 from Rhizophora mangle in Estero de Urías, a coastal lagoon located in southern Sinaloa, Mexico. From these females, two G. pulchra and three A. pisonii with recently laid egg clutches (egg yolk uniform, no signs of fragmentation into droplets) were detected. These females were transported to the laboratory and were held individually in plastic containers (60 cm 3 40 cm 3 40 cm). Containers were filled with filtered marine water to a 15 cm level, maintained with constant aeration, and provided with three or four rough beach stones as shelter. Photoperiod was kept 12:12h. Water was maintained at room temperature (268 to 288C) and salinity at 35-36 psu. Fresh R. mangle leaves were offered daily as food. A sample of at least 10 eggs from every female was removed every 48 hours, starting at the day females were captured. Although the embryonic development had started shortly before females were captured, duration of development is expressed as number of days after females were captured and transferred to containers. The term period was used to define every described step. Examination of freshly removed (living) eggs was done using an optical microscope (253 magnification). Eggs were placed in seawater using excavated slides, and embryo morphology, growth, and yolk-tissues proportion were observed in at least 10 embryos in lateral and frontal views. Color changes were also annotated. Developmental periods were considered equivalent to the stage criteria used in the staging method, adapted for crustacean eggs by Sandeman and Sandeman (1991) . Illustrations were obtained with the aid of a camera lucida. Diameter of the eggs (at least ten eggs) was measured to the nearest 0.01 mm with a micrometer objective. Radius used to calculate the volume of eggs was the average obtained after measuring the egg diameter.
Volume of spherical eggs was calculated as: V¼ 4/3 (p r 3 ). In this formula of a sphere volume, r is the radius (1/2 the diameter). Volume of ellipsoidal eggs was calculated as: V¼4/3 (p r 1 r 2 r 3 ). In this formula of an elliptical volume, r 1 is the larger ratio (height), r 2 is the middle ratio (width in frontal view), and r 3 is the smaller ratio (width in lateral view).
RESULTS
Only one female of G. pulchra and two of A. pisonii were successfully monitored until hatching. The other females lost their eggs soon after they were placed in the containers. Average diameter and volume of eggs are presented in Table 1 . Only the eggs of the last period of development of G. pulchra were ellipsoidal.
For both species, Fig. 1A corresponds to recently extruded eggs. The following descriptions and illustrations are presented separately in successive steps of 48 hours.
Aratus pisonii
The embryonic development in captivity lasted 14 days. Eight embryonic periods were observed from freshly laid egg to hatching. (Fig. 1A ).-The egg is macrolecithal-centrolecithal and spherical, filled with a uniform dark olive color, without evidence of development.
Period 1. Recently Laid Eggs
Period 2. Day 2 (Fig. 1B ).-The yolk is fragmented into very thin droplets; olive color persists, but is lighter than in period 1. No evidence of tissue.
Period 3. Day 4 (Fig. 1C ).-Yolk droplets are somewhat larger and with a lighter olive green color. First evidence of tissue is observed as a papilla positioned in lateroventral position. The papilla is divided into the main embryo processes (ocular, thoracic-abdominal, and cephalic), all located ventrally.
Period 4. Day 6 (Fig. 1D ).-All structures are growing ventrally. Five processes are now visible; the buds of antenna-antenulle, maxillamaxillule, and maxillipeds are observed growing in the cephalic primordia as tiny structures positioned behind the ocular lobes. Abdominal and cephalothoracic processes have increased in size and complexity. All tissues are transparent, and yolk is also turning transparent.
Period 5. Day 8 (Fig. 1E ).-The embryo occupies slightly less than one fourth of the egg volume. Between one fourth and one third of the yolk is now consumed. Major differentiation and growth are evident; ocular processes are developing a slightly darker core (retina), are rounded in shape, and have emigrated to the fore portion of the embryo. Antenna-antenulle and maxilla-maxillule buds, as well as maxilliped primordia, are larger and more differentiated. Cephalothorax and abdomen are separating; they have increased in size, and their shape is better defined.
Period 6. Day 10 (Fig. 1F ).-Exhaustion of yolk is noticed, embryo occupies one half egg volume and is positioned in the ventral portion. Heart is formed and beating. Contractions of abdominal and thoracic structures are observed. Eyes are larger; the cornea is forming, and the pigmentation of retina is more intense. An enlargement of the abdomen is observed, and its segmentation into metameres is taking place. Antenne and mandibles are better defined, more separated, and larger.
Period 7. Day 12 (Fig. 1G ).-Embryo occupies almost all the space within the egg, except for three small patches of yolk droplets located dorsal to the cephalothorax. Large setae are detected on maxilla, maxillule, and maxillipeds; tiny setae are observed on the telson, which is taking shape. Eyes are fully pigmented and well differentiated into cornea and retina. Abdomen is larger, folded toward the eyes and almost reaching them. Cromatophores are observed in abdomen and telson. Abdominal segmentation is complete; the heart is bigger and beats vigorously in long periods. The digestive gland is observed inside the transparent cephalothorax.
Period 8. Day 14 (Fig. 1H ).-Embryo occupies all the egg volume. Some small yolk droplets are still observed dorsal to carapace of most embryos. Eyes have grown and now are completely differentiated, oval-shaped. Maxillipeds are well developed, and the fully metamerized abdomen bears cromatophores on each segment. The abdomen is folded against the frontal part of cephalothorax. The embryo is about to hatch.
Goniopsis pulchra
The embryonic development in captivity lasted 15 days. Nine embryonic periods were characterized from freshly laid eggs to hatching. Period 2. Day 2 (Fig. 2A ).-The yolk is fragmented into small droplets. The eggs Fig. 1 . Periods of development in embryos of Aratus pisonii. Scale bars ¼ 100 lm. A, yolky egg; B, yolk divided into droplets; C, papilla differentiated into optical (op), cephalic-appendages (ca), and thoracic-abdominal (ta) processes; D, primordia larger and delimited, buds of antenna-antenulle (aa), maxilla-maxillule (mb), and maxillipeds (mx) are evident; E, eyes pigmented, all appendages more differentiated and larger; F, eyes differentiated, abdomen in segmentation process, and heart beating (h); G, rostrum (r) and cephalic appendages larger, abdominal cromatophores (ct) appearing, abdomen segmentation completed, digestive gland visible (dg); H, slight traces of yolk, embryo ready to hatch. maintain a uniform light brown color. No evidence of tissue within the yolk mass.
Period 3. Day 4 (Fig. 2B ).-Yolk fragmentation continues, and larger yolk drops are forming. First evidence of cell proliferation and differentiation; slightly transparent buds observed in ventral position. Three different regions are observed corresponding to ocular, cephalic appendages, and thoracic-abdominal processes. Ocular processes are observed as bilobular evaginations, one on each side of the embryo.
Period 4. Day 6 (Fig. 2C ).-Embryo occupies one fourth of the egg volume. All structures are growing ventrally. Six processes are now observed; rudiments of antenna-antenulle, maxilla-maxillule, and maxillipeds have differentiated. Abdomen and cephalothoracic primordia are in the process of differentiation.
Period 5. Day 8 (Fig. 2D ).-Embryo occupies the entire ventral part of the egg. Approximately one third of the yolk has been consumed. Eyes are differentiated into a pigmented core (retina) with a white area (cornea) surrounding it and form oval structures positioned in the front of the embryo. All primordial appendages are differentiated and larger. Embryo movement is observed as contractions. Abdominal cromatophores appear, and the metamerization is taking place.
Period 6. Day 10 (Fig. 2E ).-Over three fourths of the yolk storage has been consumed, and the remaining yolk is divided into three patches. Embryo has grown considerably and occupies the entire egg volume, except for the yolk reserve. The heart is formed dorsally and beats regularly. Ocular lobes are in their final position, and the eyes are larger and more complex, with the cornea divided into radial sections. The outline of the cephalothorax is observable. Abdominal segmentation continues, and there is at least one cromatophore on each metamere. All appendages are larger, segmented, and developing setae. First evidence of the rostral spine.
Period 7. Day 12 (Fig. 2F ).-All structures of the embryo are larger, and yolk droplets form two patches observed through the transparent cephalothorax. Eyes are completely differentiated into cornea and retina. The segmentation and setation of all appendages are more evident. Abdomen metamerization is complete, and each segment bears cromatophores. The heart is Fig. 2 . Periods of development in embryos of Goniopsis pulchra. Scale bars ¼ 100 lm. A, yolk divided into droplets; B, primordial tissues, optical (op), cephalic-appendages (ca), and thoracic-abdominal (ta) in development; C, primordia of antenna-antenulle (aa), maxilla-maxillule (mb), and maxillipeds (mx) differentiated; D, eye pigmented, abdomen in segmentation process, abdominal cromatophores (ct) appearing; E, eyes more complex, cromatophores more marked, heart beating (h); F, rostrum (r) and cephalic appendages larger, abdomen segmentation completed, setae observed (st); G, slight traces of yolk, more setation on telson and appendages; H, no traces of yolk, embryo ready to hatch.
larger and beats more intensely. The rostral spine is larger.
Period 8. Day 14 (Fig. 2G ).-The embryo occupies almost all the available egg volume. Yolk is almost completely depleted, with traces remaining in the cephalothorax cavity. Cephalothorax and abdomen have increased in size. Carapace, maxillipeds, and telson are well differentiated. Cephalothorax occupies almost two thirds of the egg volume. The telson bears large setae. The anterior margins of the eyes are now intensively pigmented. Antenne and maxillae are segmented.
Period 9. Day 16 (Fig. 2H ).
-No new signs of growth. The cromatophores are more numerous.
No traces of yolk. The egg is ready to hatch.
DISCUSSION
Although widely used in recent literature, the use of ''stage'' or ''phase'' to describe the embryonic development is somewhat controversial, as both terms are allusive to the existence of ''steps,'' while the development is (contrary to larval development) a continuum. For this reason we have used the term ''periods,'' which refers more accurately to a portion of life of a developmental process that is not clearly separated from the next and the previous one by clear morphological differences, as happens in larval development. So, to a better comprehension of the phenomena, a proper term as period needs to be applied. On the other hand, some authors have considered the main embryonic periods in the egg starting from cleavage and gastrula (Nagao et al., 1999; Müller et al., 2003) . Due to the amount and position of yolk, those events are extremely difficult to observe in semi-terrestrial brachyuran eggs (e.g., Grapsidae, Sesarmidae, Ocypodidae) without special techniques. In this study, the extra embryonic ectoderm was not observable in live eggs. In brachyuran eggs, the blastoderm migrates inward by cellular proliferation entering the yolk mass (Adiyodi, 1988) ; differentiation into these preliminary phases was therefore not evident in live eggs during this study. After these events occur, primordial structures start to grow and extend ventrally, and are easier to be observed and described in live eggs. The embryonic development of the two species studied herein is very similar and matches the general embryonic pattern observed in many brachyuran crabs, including in much larger tropical species (e.g., Ucides cordatus Linnaeus, 1763; Pinheiro and Hattori, 2003) or in cold water species that experience a very slow embryonic development (see Nagao et al., 1999) . Embryos of G. pulchra and A. pisonii formed all appendages during the same periods, approximately at half the embryonic development and after major primordial structures have appeared. Increase in size and complexity of abdominal and ocular processes were also chronologically comparable. Eye formation in both species clearly followed the pattern described by Cronin and Jinks (2001) for crustacean vision ontogeny. Major differentiation events occurred during the first week while growth of formed structures prevailed during the second week. This seems to be the general pattern in the sequence of appearance of structures in brachyuran crabs, and it has been reported by Nagao et al. (1999) for Erimacrus isenbecki (Brandt, 1848), by Yamaguchi (2001) for Uca lactea de Haan, 1835, and by Pinheiro and Hattori (2003) for Ucides cordatus, regardless of the length of the embryonic development. A similar sequence has been reported in nonbrachyuran decapods (Helluy and Beltz, 1991; Nazari et al., 2000; Müller et al., 2003; García-Guerrero et al., 2003a) . Difference in eggdevelopment duration was minimum for the two species included in this study: G. pulchra development was a little longer, although incubating temperature was the same as in A. pisonii. Goniopsis pulchra eggs were also slightly larger and turned slightly ellipsoidal near hatching. In A. pisonii, the digestive gland was clearly visible through the translucent cephalothorax during later periods, and the telson grew larger, covering all the front of the embryo during the last period. The cromatophores were more evident in A. pisonii embryos, especially those of the telson.
During the final days of the embryonic development, all features that characterize the first zoeal stage of each species were present. Comparison with illustrations of zoea I of G. pulchra (see Cuesta and Shubart, 1999) and of A. pisonii (see Fransozo et al., 1998) shows that setation pattern, abdomen-cephalothorax proportions, and complexity of eyes and cephalic appendages are already observed in embryos at periods 7-8 for A. pisonii and at periods 8-9 for G. pulchra. After these periods and until hatching, only a slight growth and total consumption of yolk occurred.
Eggs of both species were always almost spherical, with minor variations in shape and in volume during the late embryonic period. Sphere is the most common shape in brachyuran eggs (see Hines, 1982; Nagao et al., 1999; Yamaguchi, 2001; Pinheiro and Hattori, 2003) . In the present work, however, eggs were somewhat ellipsoidal in G. pulchra after period 7, probably because of additional growth of the embryo and increasing pressure against the chorion just before hatching. Slight changes in egg volume have been previously explained, for initial eggs, in function of a plastic response to salinity variations (Giménez and Anger, 2001) , and for later eggs, a consequence of physiological factors during development (Pinheiro and Hattori, 2003) . Also, there is evidence of water intake to help in the chorion breakage (Pandian, 1970) ; irregular changes in egg size during the course of development have also been reported (Nagao et al., 1999; Yamaguchi, 2001) .
